Background and objectives Individuals receiving in-center hemodialysis experience a high symptom burden that detrimentally affects their quality of life. There are few evidence-based interventions for symptom relief in this population. To stimulate innovation in symptom management, data on patient symptom prioritization and treatment preferences are needed. We undertook this study to (1) identify patient-prioritized symptoms for the development of symptom relief therapies and (2) elicit preferences for treatments among individuals receiving hemodialysis.
Introduction
More than 400,000 people with ESKD receive in-center hemodialysis in the United States, and they experience exceptionally high rates of morbidity and poor quality of life relative to individuals with other chronic diseases (1) (2) (3) . Existing data suggest that individuals on hemodialysis have, on average, 11 symptoms, and this high symptom burden contributes to poor outcomes (4) . Patients on dialysis have identified symptom relief as a top research priority (5) , and a recent international consensus-based prioritization initiative named fatigue, among other symptoms, as a high priority outcome for clinical trials (6) . However, there have been few efforts to understand how and why patients prioritize symptoms. The first essential steps in fostering innovation in symptom relief are identifying the symptoms that patients feel are the most important to address and understanding which treatment strategies are most desired by patients.
Prior research has identified common symptoms among individuals on dialysis, including fatigue, sadness, difficulty falling or staying asleep, itching, muscle cramps, pain, and sexual dysfunction (4, (7) (8) (9) . There is a significant association between higher symptom burden and quality of life impairment (2, 4) . Thus, it is reasonable to posit that symptom amelioration may lead to meaningful improvement in patient-reported outcomes and/or quality of life. However, there are few drugs or devices that have been approved by the US Food and Drug Administration (FDA) that yield improvement in any patient-reported outcome among individuals on dialysis. Moreover, there has been little research on symptom prioritization and treatment preferences in this population.
Due to the number of contributing authors, the affiliations are provided in the Supplemental Material.
Recognizing this knowledge gap, the Kidney Health Initiative (KHI), a public-private partnership between the American Society of Nephrology and the FDA, convened a multidisciplinary workgroup to design and execute a study aimed at prioritizing common hemodialysis symptoms to be targeted for innovation. The workgroup undertook this two-part, sequential, mixed methods study involving focus groups and an online survey. The study objectives were to (1) gain deeper understanding of symptom experiences among individuals on hemodialysis from diverse backgrounds, (2) prioritize the identified physical and mood symptoms for the development of new or improved therapies for symptom relief, and (3) elicit preferences for symptom treatment approaches among individuals receiving in-center maintenance hemodialysis.
Materials and Methods

Overview
We conducted a sequential exploratory mixed methods study that included three focus groups and an online survey (10) . In this two-phase design, we performed qualitative data collection via focus groups first and collected quantitative data via a survey second. The qualitative phase was used to gain insight into factors considered by patients when prioritizing symptoms and generate a broad list of symptoms to consider for prioritization. Qualitative focus group findings informed the survey content. The quantitative survey phase was then used to investigate symptom prioritization in a broader patient sample.
We followed the Consolidated Criteria for Reporting Qualitative Health Research for focus group reporting (Supplemental Table 1 ) (11) . All study phases were approved by the American Institutes for Research Institutional Review Board (project number 04222). Focus group participants provided written informed consent, and online survey participants provided electronic consent.
Focus Group Participant Selection, Setting, and Data Collection
Three in-person focus groups were conducted between February and April 2017 in Carrboro, North Carolina; Tucson, Arizona; and Seattle, Washington. Locations were selected to facilitate oversampling of southeastern United States black (Carrboro) and Hispanic (Tucson) individuals, populations with limited inclusion in prior studies (9, 12) . Participants were recruited from six dialysis facilities in the three geographic locations via posted flyers. Interested individuals contacted study staff via telephone for eligibility assessment. Iterative purposive sampling was used to capture a range of participant characteristics (age, sex, race, and education). The target size for each group was 10 to 12 participants. Individuals were eligible to participate if they (1) were English-speaking adults ages 18-85 years old, (2) had been on in-center hemodialysis for the previous 6 months, (3) had a history of physical and/or mood symptoms that they related to hemodialysis in the past month, and (4) reported no recent participation in a focus group study. Individuals with cognitive deficits were excluded. Participants were remunerated $65.
We drafted a focus group moderator guide on the basis of literature review and research team discussions. Mod-erator guide topics included symptom experiences (type, frequency, duration, and quality of life and social effects) and individual and group symptom prioritization for the development of new or improved symptom-targeted therapies ( Figure 1 , Supplemental Table 2 ). Oral and written exercises were used to spark discussion and ultimately, generate symptom priority lists among participants. All focus groups were led by the same experienced moderator who had no contact with participants before the study. The focus groups were semistructured, lasted 90 minutes each, and took place in private dialysis facility conference rooms with no dialysis facility staff present. Focus groups were audio recorded and professionally transcribed. Two research assistants took field notes. Participant characteristics were self-reported.
Survey Development, Recruitment, and Data Collection
We developed a draft online English language survey on the basis of focus group findings (top 10 focus group-identified symptoms were included) using Vovici survey software. We conducted virtual cognitive testing interviews using JoinMe online screen-sharing software in May 2017 with patients in Tucson, Arizona; Seattle, Washington; and Newark, Delaware to evaluate target population understanding and usability of the draft survey. Participants were recruited from four dialysis facilities via research team site liaisons. Focus group participants were not eligible for cognitive interview participation. Supplemental Table 3 provides cognitive testing details. Interviewees suggested consolidating the informed consent information; using alternate, more familiar terms (e.g., change "facility" to "clinic"); and adding clarifying words (e.g., add "other than cramps" to "body aches or pains"). We revised the survey on the basis of feedback from interviewees.
The final 28-question online survey was accessible on desktop and mobile applications, and it assessed patients' experiences with physical (insomnia, muscle cramps, fatigue, nausea or vomiting, and body aches), mood (anxiety, depression, frustration, worry, and confusion), and other self-report symptoms as well as patients' prioritization of symptoms for therapeutic intervention (Supplemental Table 4 ). The survey included an electronic consent and was open from May 30 to June 26, 2017.
Survey participants were recruited via informational flyers posted in 35 dialysis facilities located in diverse United States geographic regions, emails to members of the American Association of Kidney Patients (AAKP) and KHI Patient and Family Partnership Council mailing lists, and social media campaigns on Facebook (via the AAKP and patient affinity groups Dialysis Uncensored and I Hate Dialysis). Individuals were eligible to complete the survey if they (1) were at least 18 years of age and living in the United States, (2) currently received in-center hemodialysis, and (3) had experienced physical and/or mood symptoms from hemodialysis in the past month. Eligibility was assessed via questions at the survey start. Individuals not meeting eligibility criteria were not permitted to complete the survey (Supplemental Figure  1 ). Survey response rates could not be calculated due to the survey's wide distribution. No incentive was provided.
Data Analyses
Focus group transcriptions were entered into NVivo software for qualitative analysis. The two-person analytic team first developed a list of potential thematic codes on the basis of the moderator guide. The team then reviewed the transcripts to identify early data patterns. They revised the initial code list and systematically coded the data on the basis of the refined coding scheme. The team drew conclusions by identifying and interpreting coding patterns, such as high-frequency codes and coding clusters. The highest priority symptoms were determined on the basis of the number of focus groups in which they were reported, the number of participants reporting them, and the strength of endorsement by participants. Focus group findings informed the symptoms and symptom characteristic and prioritization response options in the survey.
Qualitative data collected via open-ended survey responses were imported into a Microsoft Excel matrix and analyzed for key themes. Survey data were analyzed using descriptive statistics. Analyses were performed using STATA 13.0MP. Focus group and survey results were crossvalidated to identify areas of convergence. Findings were synthesized across methods within major topic areas. Table 1 displays focus group participant characteristics (three focus groups with a total of 32 participants). Among interested and qualifying individuals, the overall participation rate was 82% (77% for Carrboro, NC; 92% for Tucson, AZ; and 79% for Seattle, WA) ( Figure 2 ). Participants ranged from 25 to 74 years of age (mean 52614 years old); 14 (44%) were women, 14 (44%) were black, and eight (25%) were Hispanic. By design, Carrboro participants were all black (100%), Tucson participants were predominantly Hispanic (73%), and Seattle participants were predominantly white (64%). Table 2 displays survey respondent characteristics. Respondents spanned 27 states in the Unites States, and overall, they were similar to the broader United States hemodialysis population in terms of age and sex (1) . Of the 87 respondents, 43 (49%) were between 55 and 74 years of age, 47 (54%) were women, 58 (67%) were white, 19 (22%) were black, and five (6%) had less than a high school education. About one half of respondents (51%) rated their overall health as fair or poor.
Results
Participant Characteristics
Focus Group Symptom Experiences
Focus group participants reported experiencing a range of physical and mood symptoms that they associated with hemodialysis ( Table 3 ). Participants reported the physical symptoms of insomnia, fatigue, muscle cramps, and nausea/ vomiting and the mood symptoms of anxiety and depression in all three focus groups. Less common but also reported physical symptoms included body aches and joint pain, vascular access-related problems and pain, and blurry vision. Other reported mood symptoms included worry, frustration, and feeling disappointed.
Focus Group Symptom Prioritization
Physical and mood symptom prioritization exercises were performed separately. The most commonly experienced symptoms were also those that participants prioritized as most important to find new or improved treatments for (i.e., physical symptoms: insomnia, fatigue, and muscle cramps; mood symptoms: anxiety and depression). In prioritization exercises, participants indicated that symptom frequency, duration, unpredictability, social effect, and financial effect factored most heavily into symptom prioritization decisions (Table 4 ). Symptom prioritization rationale was similar across all three focus groups. Overall, participants felt that their symptoms were bothersome primarily because they interfered with daily activities and quality of life. One Carrboro participant described symptom-related social isolation, saying that "sometimes you can't visit your family or people. You feel sick or tired." Others reported frustration from not being able to work due to symptom burden. One Seattle participant said, "Sometimes I think I am a burden to my family because I cannot work [due to my symptoms] . . . Sometimes, I get real depressed."
Focus Group Perspectives on Symptom-Directed Therapies
Overall, participants indicated that their quality of life would improve significantly if they had meaningful improvement in their top physical and mood symptoms. Many participants recognized the interconnection between physical and mood symptoms. For example, one participant noted that his anxiety seemed to cause nausea. Several participants suggested that addressing physical symptoms might improve mood symptoms, such as depression and anxiety.
Participants discussed a variety of treatments used to address their symptoms. Treatments for physical symptoms included medications, light exercise, consuming certain foods, and smoking marijuana. However, participants noted that none of these strategies provided complete symptom relief. In two of the focus groups, participants expressed a desire for peer support programs, indicating that such programs would give them opportunities to share experiences and challenges with others facing similar issues. They indicated that such peer support might help with mood symptom management. Some participants expressed frustration with taking multiple medications and were skeptical that medication was the best strategy for symptom management. One Tucson participant said, "They only want to give you pills. And, yeah, sometimes that medicine makes you sicker."
Survey Symptom Experiences and Prioritization Figure 3 and Supplemental Table 5 display the survey results. Fatigue (94%), muscle cramps (79%), and body aches or pain (76%) were the most commonly experienced physical symptoms. Survey respondents also reported physical symptoms not identified in focus groups, such as diarrhea, dry skin, pruritus, twitching, dizziness, burning eyes, headache, rash, and decline in libido. Participants identified fatigue, muscle cramps, and insomnia as the most important physical symptoms for which to find better treatments. Feeling sad or depressed (66%), worried (64%), and frustrated or angry (63%) were the most commonly experienced mood symptoms. Participants identified feeling sad or depressed, frustrated or angry, and anxious or nervous as the most important mood symptoms for which to find better treatments. Symptom frequency, unpredictability, and life effects, such as the ability to do things that they want to do with friends or family, drove symptom prioritization decision making.
Overall Symptom Prioritization for Therapeutic Interventions
Considering both focus group and survey results, insomnia, fatigue, and muscle cramps were prioritized as the top physical symptoms, and anxiety, depression, and frustration were prioritized as the top mood symptoms (Figure 4 ). In general, participants were open to new medications for their physical symptoms but expressed some concern about pill burden. Many expressed interest in nonpharmaceutical interventions, such as meditation, massage, and dialysis facility-based strategies, including more flexible scheduling, better objective measures of dry weight and symptom monitoring, and improved patient-staff relations. The latter was felt to be important for fostering open communication about symptoms. In regards to scheduling and symptoms, one respondent noted, "Scheduling of dialysis in the late afternoon rather than early morning allows me to be more engaged." Another respondent called for "better dialysis machines that are more in tune with the patients" to help prevent symptoms.
Discussion
To our knowledge, this is the first published study evaluating symptom prioritization for the development of new or improved therapies for symptom relief among adults from diverse backgrounds receiving in-center hemodialysis. We found that patients prioritized the physical symptoms of insomnia, fatigue, and muscle cramps and the mood symptoms of anxiety, depression, and frustration. Symptom characteristics, including frequency, duration, unpredictability, social effect, and financial effect, drove prioritization decision making. Overall, participants felt that it was important to identify better therapies for both physical and mood symptoms rather than one symptom type over the other. However, many acknowledged a link between their physical and mood symptoms, suggesting that amelioration of the most troublesome body symptoms could lead to mood symptom improvements.
The nephrology community has shown increasing appreciation for the importance of studying outcomes that are meaningful and relevant to patients and other clinical stakeholders. The international Standardized Outcomes in Nephrology-Hemodialysis initiative recently reported a multistakeholder, consensus-based, prioritized list of outcome domains for research involving individuals on hemodialysis (6) . Fatigue was one of the highest-prioritized outcomes, and other symptoms, such as pain, sleep, depression, and anxiety, ranked high, particularly among patients (6). Manns et al. (5) evaluated research uncertainties among Canadian patients, caregivers, and health professionals and reported that symptom management, specifically prevention of itching, fatigue, nausea, cramping, restless legs, and depression, was a top stakeholder-identified research uncertainty. Our findings build on these prior outcome prioritization studies as well as work showing substantial symptom burdens among individuals receiving maintenance hemodialysis. Prior studies have found that more than one half of individuals on dialysis report pain, cramps, fatigue, sexual dysfunction, and sleep disturbance (8, 9, 13) . Increased symptom burdens are highly correlated with impaired quality of life and depression (2, 4) , and some symptom clusters associate with higher mortality risk (14) . However, prior studies suggest that nephrology providers may not be aware of the symptoms that their patients on dialysis have, including symptoms that patients describe as severe (9) . Consequently, many symptoms remain undertreated (15) .
Given the documented associations between symptom burden and outcomes, there may be a substantial opportunity to improve quality of life and other outcomes through better symptom prevention and management among patients on hemodialysis. However, the existing evidence supporting symptom management strategies is poor. In fact, there have been no trials in which relief from any of the highly patientprioritized symptoms of cramping, fatigue, or anxiety was the primary outcome measure. Similarly, there have been no pharmacotherapy trials and only two cognitive behavioral therapy trials focused on insomnia among individuals on dialysis (16, 17) . There has been somewhat greater attention paid to depression among patients on dialysis; however, a trial comparing sertraline with placebo suffered from poor recruitment, and results were not significantly different between groups (18) . A trial comparing sertraline with cognitive behavioral therapy is ongoing (19) . Given this paucity of data, it is not surprising that there have been so few drugs or devices approved by the FDA that improve patient-reported outcomes for patients on dialysis. Furthermore, there are no consensus clinical guideline recommendations on the optimal approach to symptom management in this population. and then find out that they died, and it is just hard. It is depressing to be dependent on a machine and have to go through this over and over again. I move past it, but it happens all the time." (Tucson participant) "People get tired and worry; then they get depressed. They stop dialyzing and die. That needs to be looked at real hard." (Seattle participant) Frustration (nine of 32 participants; 28%) "I mean the cramps, being tired, blurred vision-that happens because of the actual treatment. So that happens instantly. With me, it does. I mean the other stuff, like the frustration and what not, that comes after dialysis and having to deal with the technician. That's something totally different." (Carrboro participant) Irritability (nine of 32 participants; 28%) "Conversating [sic] with everybody, you really don't want to. You don't want to be around anybody. You just want to be by yourself." (Carrboro participant) "Sometimes you get in a bad mood-so you know-don't talk to me." (Tucson participant) "Sometimes noise, loud noises is irritating. It irritates you real bad." (Carrboro participant) Worry (six of 32 participants; 19%)
"[Worry] all the time." (Carrboro participant) "Well, people get to worrying, and they get tired, and they get depressed, and then they quit dialyzing and die. I've seen a number of them do that. So that needs to be looked at real hard." (Seattle participant) a Quotations are from focus group participants.
There is a critical need to foster innovation in symptom relief in the hemodialysis population and focus these innovations on therapeutic approaches that are appealing to patients. Our study findings highlight several potential paths forward in the effort to improve the symptom experience of patients on hemodialysis. Innovation in symptom-directed pharmacotherapy, including new drug development as well as testing of existing drugs approved for use in the general population in the dialysis population, should be undertaken. Additionally, innovation in bioengineering may improve symptom management through the development of new therapeutic devices and/or improvement on existing dialysis technologies. Examples of potential technical advances that may prevent or reduce symptoms include more accurate objective volume assessment tools, biofeedback-based ultrafiltration, dialyzers with improved middle molecule clearance, individualized dialysate profiling, and others. Additional evaluation of the roles of individual therapy and peer support in both physical symptom and mood symptom management is warranted. Many participants noted interest in peer support activities, such as symptom coping strategies. Finally, participants voiced desire for greater dialogue with their providers around symptoms, noting that such acknowledgment and engagement might improve the symptom experience. Given the substantial burden and quality of life effect of symptoms among individuals receiving hemodialysis, simultaneous pursuit of all potential paths to symptom relief is warranted.
Our findings must be considered in the context of study limitations. First, we evaluated symptom prioritization among patients on in-center hemodialysis. Findings should not be extrapolated to individuals receiving peritoneal dialysis or home hemodialysis. Study of symptom prioritization among these populations is needed. Second, there may be limits to the generalizability of our findings. Our sample size was moderate, and our findings may not generalize to all patients on hemodialysis. Our goal was to build on existing knowledge by selecting focus group locations that facilitated sampling from populations (blacks and Hispanics) and geographic areas (the South and the Northwest) underrepresented in prior studies. Survey respondents resided in 27 states in the United States, suggesting reasonable geographic reach for the survey. However, over 85% of survey participants were white or black, potentially limiting generalizability of findings to other races or ethnic backgrounds. Cultural differences in symptom experiences have been reported among individuals on hemodialysis and in other populations (12, 20, 21) . Exclusion of non-English-speaking individuals and individuals with cognitive deficits prevents generalizability to those excluded populations. Related to this point, online survey administration may have limited participation from individuals without internet access or those with mental or physical disabilities. Therefore, the generalizability of our findings must be interpreted with caution. Additional study of symptom prioritization in larger and more diverse populations is warranted. However, focus group and survey-elicited symptoms mirrored symptoms identified in other studies (4, 8, 22) , providing some reassurance about validity. Third, our survey distribution approach prohibited calculation of a survey response rate. The estimated response rate was low as evidenced by the modest number of completed surveys, despite broad distribution. Symptom prioritization among survey responders versus nonresponders may differ, and we are unable to account for this potential bias. Fourth, our study was designed to elicit symptom perspectives from diverse individuals and was not designed to quantify differences across subpopulations.
In conclusion, our study provides a deeper understanding of the symptoms experienced by diverse individuals receiving hemodialysis therapy and insight into patient prioritization of physical and mood symptoms for the development of new or improved therapies for symptom relief. Participating patients prioritized the physical symptoms of insomnia, fatigue, and muscle cramping and the mood symptoms of depression, anxiety, and frustration as the most important symptoms on which to focus research efforts aimed at developing new symptom management . | Qualitative and quantitative data were synthesized to develop a final list of top-prioritized physical and mood symptoms. Focus group and survey participants identified a range of physical and mood symptoms, often recognizing a connection between physical and mood symptoms. After considering symptom duration, frequency, unpredictability, and social and financial effects, the participants prioritized the physical symptoms of insomnia, fatigue, and cramps and mood symptoms of anxiety, depression, and frustration as the most important symptoms to address when developing new or improved symptom management therapies. strategies. These findings provide guidance and direction as we seek to foster innovation in symptom management among individuals on hemodialysis.
